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JP2002-529360 (Japanese pubjication of PCT/EP99/08373) 

DESCRIPTION 

The invention concerns a procedure to the direct manufacture of carbide out of tungsten-haltigen 
connections, by means of a Kohlenmonoxid and coal dioxide of containing atmosphere. 

The conversion of tungsten-haltigen connections, especially Wolfiramoxiden, with Kohlenmonoxid, if 
necessary also a mixture out of Kohlenmonoxid and coal dioxide in increased temperature is 
confessed at 
itself. 

So open beard the US patent writing 4,172,808 a procedure with which W03 is transferred in 
temperatures of 590 to 680 DEG C in a Kohlenmonoxidstrom, that 5 to 10% coal dioxides contains, 
to tungsten carbide powders. The product contains yet 2% oxygen, is therefore not complete 
durchreagiert. Furthermore the product shows a nichtspezifizierte quantity on its surface at free 
carbon. In accordance with US -A 4, 172,808 is the oxygen salaries for catalyst uses 
acceptable and the superficial free carbon for a high catalyst activity required. Such 
tungsten-carbide powders are however for the use unfit as a hard material in hard metals because 
it arrives herewith on an exact control of the carbon salary in the frame less Hundertstel percent. 

In accordance with US-patent 5,230,729, the Gasphasenkarburierung is described by means of a 
C02/C0- mixture for a part step of the manufacture of feinteiligem WC-Co-powder for the hard 
metal manufacture. After that the 

tungsten-precursor connection Co(en)3 W04 is reduced first of all in a wasserstoffhaltigen 
Inertgasstrom to hochporosem CoW-metal, is removed subsequently in the 
Kohlenmonoxid-Gasstrom to the WC Co karburiert and after that in a 

C02/CO-Gasstrom free carbon. At the same time Karburierungstemperaturen are used of 700 to 
850 DEG C. 

US-patent 5,230,729 takes fiirthermore on a state of the technology reference after which the 
Karburierung was carried out to WC-Co-powder in carbon activities by 0.35 to 0.95 obviously 
without the intermediate stage of the 

hydrogen reduction to the Co-W. At the same time is looked at as disadvantageous that it comes 
based on the Kohlenmonoxidzersetzung caused strong by the presence of cobalt already in low 
temperatures katalytisch to a strong 

carbon reception through the WC'Co-exit materials, that leads to a metastabilen between phase. 
Through it very long Reaktionsseiten become required. 

Based on the missing katalytischen effect of the cobalt, the apprenticeships are not regarding 



Gasphasenkarburierung to the manufacture of WC Co transferable on the manufacture of 
WC-powders. 

Extensive investigations became of LEMAITRE, VIDICK, DELMON in Acta Chim. Acad. Sci, 
Hung. Ill (1982) pp. 449 463 and journal of Catalysis 99 (1986) pp. 415 427 to the 
manufacture of tungsten-carbide powders through 

Gasphasen- Karburierung announced whereby both Kohlenmonoxid and mixtures were used out of 
coal dioxide and Kohlenmonoxid with coal dioxide salaries by 9 to 50% in the temperature area by 
722 to 850 DEG G At the same 

time became both received partially was observed powder with high shares in free carbon and 
strong unterkarburierter tungsten carbide powder and/or W2C-Pulver; also a Riickoxidation to the 
Wolframoxid. As optimal a 

Karburierungstemperatur is looked at of 750 DEG C. 

The joint Resumee of the state of the technology seems to be that a Gasphasenkarburierung with 
pure Kohlenmonoxid leads in temperatures above of 850 DEG C based on the Boudouard-balance to 
an occupancy of the precursor connection with graphite similar carbon, so that the reaction is 
braked and/or comes for standing and therewith at least technically not realizable long reaction 
times required are. On the other hand the announced attempts 

of the state of the technology seem to belay that in use of C02/C0- Karburierungsgasgemischen 
with C02-Gehalten, that correspond in Karburierungstemperatur of about the situation of the 
Boudouard-balance or lie about that, is not a complete Karburierung possible. 

It was found now that an essentially complete Karburierung is obtained by tungsten-precursor 
connections, if in the temperature area by 800 to 1000 DEG C, preferably 850 to 950 DEG C, a 
Karburierungsgas used becomes, whose coal Ues 

dioxide -salary, related on coal dioxide and Kohlenmonoxid, above the Boudouard-balance in 
Karburierungstemperatur, i.e. the one carbon activity smaller 1 shows. Lies the coal dioxide 
salaries however too highly, takes place an 

incomplete Karburierung and/or even incomplete reduction. Invention appropriate for preferred 
the carbon activity of the C0/C02 should- mixture between 0.4 and 0.9, especially prefers lie 
between 0.5 and 0.85. 

The connection between the relative shares of CO and C02 in the Karburierungsgas on the one 
hand and the carbon activity ac on the other hand calculated itself out of the following formula^ In 
ac = In (pco/pco2) + 20715/? - 

21.24 whereby pco designates and/or PC02 the respective Partialdruck of CO and/or C02 and T the 
absolute temperature in K. The Boudouard-balance corresponds a carbon activity ac = 1. 

Through it, that the carbon activity is held during the process littler one, thermodynamically 



impossibly is made the separation of.elementary carbon so that the carbon salaries of the received 
tungsten carbide reproducible and exactly driven will can. On the other hand is in temperatures 
above of 800 DEG C, preferably 850 DEG C, that C02 Gleichgewichtskonzentration already so 
slightly that also in exceeding of the balance concentration another 

completely and sufficiently fast reduction and Karburierung of the tungsten connection precursor 
connection results. Especially preferred the C02/C0-Partialdruck should- ratio l: do not exceed 8. 

The invention appropriate for procedure is before the background the in the publication journal of 
Catalysis 99, S. 430, fig. 5, announced phases chart of the system W03-W02-W-W2C-WC-C 
surprisingly because after the 

phases chart above of 800 DEG C through Karburierung with a C02/C0 Gemisch with a 
C02-Gehalt above the Boudouard balance the phase W2C should emerge and a Karburierung 
should not take place to the WC in any case within 
technically reahzable reaction times. 

Object of the existing invention is therefore a procedure to the manufacture of 
Refraktarmetallkarbiden through Gasphasenkarburierung of tungsten-powder and or suitable 
tungsten-precursor connection powders in 

temperatures above of 850 DEG C, that is marked, in that as a karburierende gas phase a 
C02/C0*Gemisch with a C02-Gehalt, that lies above the Boudouard-balance- salary corresponding 
to the Karburierungstemperatur, used 
becomes. 

Preferably a gas phase is used, that consists except unavoidable traces at nitrogen. Argon and 
heUum Exclusively of coal dioxide and Kohlenmonoxid. 

To the maintenance of the vorgewahlten C02 C0-Verhaltnisses, formed coal dioxide is drawn off 
during the reduction and Karburierung. This can result in that dependent upon the C02*Gehalt 
of the gas phases Kohlenmonoxid in the 

Karburierungsreaktor is initiated or the reactor with the gas phase that shows the vorgewahlte 
C02-C0-Verhaltnis becomes, gespiilt. 

Preferred the Karburierungstemperatur amounts to 900 to 950 DEG C. 

The C02-Gehalt of the C02*C0-Gemischs lies preferably beneath of 8 mol-% in the temperature 
area of 850 to 900 DEG C and in the temperature area above 900 DEG C beneath 4 mol-%. 

The Karburierung in Karburierungstemperatur is carried out preferably over a period of 4 to 10 
hours, especially preferred over a period of 5 to 8 hours. Preferred are used in the frame of the 
invention appropriate for procedure as a carbide-precursor-tungsten-Oxidpulver. The invention 



appropriate for procedure then especially is preferred if a connected before reduction is avoided by 
Oxiden and/or other precursor connections to the metal. 

As far as other tungsten-precursor connections are used, these become preferably in a connected 
before Calcinierschritt the Oxid zersetzt. This has the advantage that the Karburierungsgas wDl 
not pollute through decomposition products and therefore rezirkuliert will can. 

After a further preferred execution form of the invention, the tungsten carbides received after the 
invention appropriate for procedure in the connection are subjected at the Karburierung of a 
warmth treatment in 1150 to 

1800 DEG C. Preferred the temperature amounts to prefers 1350 to 1550 DEG C in the 
subsequent warmth treatment, especially until 1450 DEG C. The thermal foUowup treatment 
can be carried out for example in the through 

push oven for a duration by 1 to 60 minute, preferably 25 to 50 minutes. If necessary the warmth 
treatment can be led under supplement by kohlenstofthaltigen connections. 

Ends the invention appropriate for available feinteiUgen carbide powders can be produced 
Sinterteile with homogeneous structures and high hardnesses, without that an intensive 
reconditioning is necessary through mill. At the same 

time hardnesses of the gesinterten hard*metal are reached, that in same bandage receipt over 
which commercial sorts lie. This lies also that the invention appropriate for received carbides are 
little agglomeriert and exist in almost 

uniform grain size so that the inclination becomes secondary grain growth during the Sinterung 
insignificant. 

Especially sinterstabile carbide powders are received through the thermal follow-up treatment 
because crystal lattice mistakes extensively are dismantled by the thermal follow-up treatment. 

Also tungsten-carbide powder with fine primary grain, expressed as a coherence length, and high 
crystal quality are object of the existing invention, expressed through the lattice distortion in%, 
whereby lattice distortion and 

coherence length after B. E. Warren and B. L.S Averbach, journal of Applied Physics, 21 (1950) pp. 
595-599 determined became. At the same time the invention appropriate for tungsten-carbide is 
marked through a relation of coherence 

length x and lattice distortion y in accordance with the formula y <(-4,06.10nm.x + 0.113)% (I). 

Especially invention appropriate for tungsten-carbide of wise preferred a relation between 
coherence length x and lattice distortion y up, that both following conditions fiilfiUed: y 
<(-2,5.10nm.x + 0.1025)% (Ila) and y < 
(•7,78.10nm.x + 0.1395)% (lib). 



The invention more closely is clanfied later based on the enclosed figures- especially preferred 
tungsten-carbides are marked through the relation of coherence length x and lattice distortion of y 
in accordance with 

formula y> (l-x/3600 nm)0.075% (III). 

Such tungsten-carbides are received through temperature treatment in the connection at the 
Karburierung. 

Fig. 1 shows the relation between lattice distortion and coherence length of the invention 
appropriate for preferred tungsten carbide powder whereby the figures refer at the readings to the 
later indicated examples and the 

letters at the Messpunkten outside of the invention appropriate for area on products present in the 
market. 

Fig. A REM-reception of a tungsten-carbide powder 2 produced in accordance with the following 
example shows 2. 

Fig. A REM-reception of the tungsten powder carbide powder 3 produced in accordance with 
example shows 3. 

Fig. A REM-reception of the tungsten powder carbide powder 4 produced in accordance with 
example shows 4. 

Fig. 5 and 6 show REM- receptions of hard metals, produced under use of tungsten of carbide 
powders in accordance with example 1 and/or 3, 

The invention more closely is clarified later based on of examples. 

Examples 

Example 1 

In a Sinterofen, 2 kg of W03-blau, 0.60 mu ms became (ASTM B330), on 500 DEG C under 
N2-Atmosphare aufgeheizt. Subsequently was evacuated and was changed on C0/C02- process 
gas, amounted to whereby the C0/C02-Verhaltnis 

97/3, and on 920 DEG C aufgeheizt. The carbon activity amounted to in reaction temperature 0.65. 
the C02 emerged during the reaction became consecutively removes and replaces by CO whereby 
the C0/02-Verhaltnis was held by 

97/3 constant. The reaction was concluded after 8 hours so that the oven was able to cool off then 



under N2 on room temperature. One recovered about 1.5 kg of Puler what let identify itself based 
on the x-ray bending as a 

phase pure tungsten carbide. The powder draws itself through following analyses values from^ 
Cges = 5,90%, Cfrei <0,02%; O = 0,57%, N = 0,06%; FSSS = 0.47 mu ms (ASTM B330) 

That above and in the gone bad indicated% -values have references to weight percent. 

Examples 2 

Into a Sinterofen became how in example 1 described, 2 kg of W03-blau tungsten carbide 
transferred whereby here during the Abkiihlphase yet untU 700 DEG C under process gas worked 
became, before one let cool off then under N2 on 

room temperature: Cges = 5,89%, Cfrei <0,02%; O = 0,41%, N = 0,07%; FSSS = 0.32 mu ms (ASTM 
B330) 

The so won powder became thermally treats again 40 minutes in the through push oven in 1400 
DEG C whereby the aufkohlende atmosphere sufi&ced in the oven in order to arrive nearly at the 
theoretical carbon salaries of the 

tungsten carbide. The powder received from that (fig. 2) draws itself through following analyses 
values from: Cges = 6,08%, Cfrei <0,03%; O = 0,23%, N = 0,05%; FSSS = 0.40 mu ms (ASTM B330) 

Examples 3 

It was worked by analogy examples 2, with which difference that here feinteilige tungsten acid 
(Fsss = 0.40 mu ms, in accordance with ASTM B330) was used for the Karburierung. To beginning, 
the material became 3 hours in situ 

calziniert in 500 DEG C in order to continue then like in examples 2. Based on the REM-reception 
(fig. 3) one recognizes that the powder little agglomeriert exists. Cges = 6,08%, Cfrei <0,03%; O = 
0,24%, N = 0,05%; FSSS = 0.29 m 
u ms (ASTM B330) 

Examples 4 

It was worked became by analogy like in examples 3, was transferred became only with the 
difference that before the high temperature step the carbide powder with 0.6% Cr3C2 to guarantee 
and, around the theoretical carbon salaries, 

with a calculated quantity of carbon. Following Pulverkenndaten were received: Cges = 6,14%, 
Cfrei <0,02%; O = 0,36%, N = 0,05%; FSSS = 0.37 mu ms (ASTM B330) 

It lay a little agglomeriertes feinteiliges powder before (fig. 4). 



Examples 5 



It was worked like in examples 3, only with the difference that a tungsten acid was used, whose 
grain size lay in 0.6 mu ms (measured after FSSS, in accordance with ASTM B330). The received 
powder was hardly agglomeriert 

and existed finely distributed. Following know data were determined: Cges = 6,07%, Cfirei <0,04%; 
O = 0,20%, N = 0,05%; FSSS = 0.30 mu ms (ASTM B330) 

Determination of lattice distortion and coherence length 

Of all powder materials became in accordance with the procedure after BE Warren and BL 
Averbach, J. Appl. Phys 21(1950) 595 that lattice distortion determines and the coherence length 
and registered into a chart. Additional this 

procedure became also on tungsten carbide powder of other origin (powder S. N, T and D) used and 
registered into the chart (fig. l). The values are summarized in following tabled 

Table 1 

Hard metal tests 

Of some materials, hard metal tests were carried out whereby with Cr3C2 and VC gedopt became, 
in a Cobaltanteil in the hard metal mixture of 10%. For that the hard metal mixtures were ground 
4 hours in the Attritor (0.5 1; 300 g 

hard metal mixtures in 2100 g Hartmetalkugeln, size 3-4 mm) in Hexan and in 1380 DEG C 45 
minutes in the vacuum gesintert. In table 2, some Hartmetallkennwerte are summarized: 

Table 2 

The carbide powder out of example 1 which was not hochtemperaturstabilisiert, tended reinforced 
to secondary grain growth, wohingegen the remaining materials that were warmebehandelt, 
homogeneous structures shwere (fig. 5 
and 6), 

CLAIMS 

1. Procedure to the manufacture of tungsten carbide through Gasphasenkarburierung of tungsten 
powders and or suitable tungsten precursor connection powders in temperatures of above 850 DEG 
C, marked in that as a 

karburierende gas phase a C02/C0 Gemisch with a C02-Gehalt, that lies above the 



Boudouard-Gleichgewichtsgehaltes corresponding to the Karburierungstemperatur, used becomes. 

2. Procedure after claim 1, marked in that the Karburierung is carried out in a carbon activity by 
0.4 to 0.9. 

3. Procedure after claim 1 or 2, marked in that the Karburierungstemperatur amounts to 900 to 950 
DEGC. 

4. Procedure after one of the claims 1 to 3, marked in that the Karburierung is carried out in 
Karburierungstemperatur over a period by 4 to 10 hours. 

5. Procedure after one of the claims 1 to 4, marked in that as a precursor connection 
Wolframoxidpulver used becomes. 

6. Procedure aft;er one of the claims 1 to 5, marked in that the tungsten carbides are subjected after 
the Karburierung of a warmth treatment in 1150 DEG C until 1800 DEG C. 

7. Tungsten carbide, marked through a relation of coherence length x and lattice distortion y in 
accordance with the formula y <(-4,45.10 nm. x + 0,113)%. 

8. Tungsten carbide after claim 8 whereby coherence length fulfill x and lattice distortion y the 
following conditions^ y <(-2,5.10 nm. X + 0.1025)% and y <('7,T8.10 nm 

.x + 0.1395)%. 



9. Sinterkorper, produced out of tungsten carbide in accordance with one of the claims 1 until 8. 
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